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Reliability in derivation of pure component RIs for compounds in training set 
The results of fitting for 64 different organic compounds (the training set) for Model 2 are shown in Figure 
S2, whilst results of fitting for 64 different organic compounds (the training set) for Model 3 are shown in 
Figure S3. Details of compounds in model 2 and model 3 are presented in Table S2 and Table S3, respectively. 
Molar polarisability of each correspond organic compound in Figure S2 and Figure S3 is from CRC Handbook 
of Chemistry and Physics, and pure component refractive indices of these compounds are from previous 
measurements results adopted by catalogue of Sigma Aldrich. For these compounds we adopt a separate fitting 
to build a model for further studies specific relate to aromatic compounds. As observed in Figure S2(a) and 
Figure S3(a), although data points (corresponding to individual compounds) do exhibit scatter around the 1:1 
line, RIs derived from the group contribution fitting give much better consistency with RIs from previous 
measurements results than what RIs derived from polarisability in CRC Handbook give, indicating excellent 
predictive ability for the pool of compounds when considered in entirety. This is also shown in differences 
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between RIs from group contribution fitting and RIs from previous measurements together with differences 
between RIs derived from CRC polarisability and RIs from previous measurements in Figure S2(b) and Figure 
S3(b). The average differences and the standard deviation of RIs are illustrated in Table 1. 
 
Predictions of pure component RIs for a benchmark oxidation mechanism 
In order to further illustrate the accuracy of group contribution fitting prediction, we predict RIs of all 
compounds in Redmond & Thompson’s training set with group contribution fitting and then compare them with 
RIs from their prediction. Results are illustrated in Figure S4(a) and (b). It seems in Figure S4(a) RIs of 
compounds in Redmond & Thompson’s training set from group contribution fitting give similar accuracy with 
what RIs in Redmond & Thompson’s training sets give. The average differences and the standard deviations for 
comparisons of all RIs using training sets in different combinations are reported in Table 3. Since results of 
compounds in training set from corresponding prediction method should give lower error than what results of 
other compounds give, our prediction shows good accuracy in this comparison. 
We also apply method in Redmond & Thompson’s study to predict RIs of all compounds in our training set 
and compare with RIs from group contribution fitting. Results are illustrated in Figure S4(c) and (d). It seems in 
Figure S4(c) RIs of compounds in Redmond & Thompson’s training set from group contribution fitting give 
much better accuracy with what RIs in Redmond & Thompson’s training sets give. The average differences and 
the standard deviations for comparisons of all RIs using training sets in different combinations are reported in 
Table 3. 
 
Application of group contribution method for training sets 
We have made the calculation for 106 nonaromatic organic compounds in Model 1 and 38 compounds in 
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the experimental measurements in this study. Details of compounds used in our experiments will be discussed 
later. As observed in Figure S5(a) and Figure S5(b), RIs predictions show a similar level of consistency with the 
predictions in Figure 1(a). The average differences and the standard deviation of RI containing different groups 
are illustrated in Table 4. 
As the RIs of amino acids from different methods show poor consistency, we give consideration of ionic 
compounds in Gharagheizi et al.’s related work, and collect details of all ionic compounds as testing set to 
examine the reliability of existing models we have mentioned in previous sections. The results of fitting for 83 
different ionic organic compounds in training set in this study are shown in Figure S6. Molar weights of these 
ionic organic compounds in the training set are between ~126 g mol-1 and ~628 g mol-1. Pure component 
refractive indices of these compounds are from simulation in Gharagheizi et al.’s related work. We apply model 
1, model 2 and model 3 to estimate RIs of all ionic compounds in Gharagheizi et al.’s related work. We also 
build another separate model to fit these ionic compounds. The average differences and the standard deviation 
of RI containing different groups are illustrated in Table S8 in supporting information. Details of compounds in 
this model are presented in Table S8. The average differences and the standard deviations of RIs containing 
different groups are illustrated in Table S9. 
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Table S1. Details of parameters of different functional groups adopted in Model 1-3. 
 
Species Functional group 
i/Vm,i in each functional group
Model 1 Model 2 Model 3 
Model 1 (with 
additional compounds) 
CHx 
CH3 0.068  0.053  0.064  0.072 
CH3[alc] - - - - 
CH3[alc-tail] 0.064  0.062  0.066  0.055 
CH3[OH] 0.078  0.067  - 0.054 
CH2 0.103  0.109  0.110  0.102 
CH2[alc] 0.105  - 0.103  0.106 
CH2[alc-tail] - - 0.120  - 
CH2[OH] 0.120  0.119  0.118  0.098 
CH 0.129  0.164  0.148  0.121 
CH[alc] - - 0.145  0.22 
CH[alc-tail] - - - - 
CH[OH] 0.154  - - 0.158 
C 0.185  0.228  0.177  0.177 
C[alc] - - - 0.236 
C[alc-tail] - - - - 
C[OH] 0.278  - - 0.15 
CHx(Aromatic) 
A-CH - 0.117  - - 
A-C - 0.179  - - 
A-COH - 0.233  - - 
Unsaturated 
bond 
CH2=CH 0.092  0.117  0.088  0.094 
CH2=C 0.141  - 0.122  0.135 
CH=CH 0.130  - 0.151  0.12 
CH=C 0.200  - 0.186  0.188 
C=C - - - - 
C≡C 0.139  - - 0.147 
-OH or –O- 
OH 0.083  0.054  0.089  0.107 
CH3-O 0.077  0.075  0.093  0.112 
CH2-O 0.061  0.065  - 0.117 
C-O - 0.088  - 0.105 
CHO [ether] - - - - 
C=O 
COOH 0.116  - 0.115  0.117 
COO 0.112  0.122  0.125  0.147 
CH3-C=O 0.127  0.172  0.126  0.117 
CH2-C=O - - 0.136  - 
CHO [aldehyde] 0.098  0.241  - 0.09 
NO2 
CH3-NO2 0.117  - - 0.112 
CH2-NO2 0.113  - - 0.108 
CH-NO2 - - - - 
C-NO2 0.084  0.123  - 0.085 
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X 
F - 0.005  0.020  - 
Cl - 0.090  0.092  - 
Br - 0.134  0.130  - 
I - 0.213  0.184  - 
SHx 
SH 0.138  - - 0.133 
S - - - - 
NHx 
NH2 0.113  0.167  - 0.121 
NH 0.124  - - 0.115 
N 0.119  0.280  - 0.114 
C=S C=S - - 0.195  - 
CHx=N 
C≡N 0.096  0.092  0.101  0.094 
CH=N 0.111  0.204  - 0.115 
CO3 CO3 0.111  - - 0.159 
* "CHx" represent regular CHx; 
* "CHx[alc]" represent CHx in molecule containing –OH; 
* "CHx[alc-tail]" represent CHx on the tail of molecule containing –OH; 
* "CHx[OH]" represent CHx connected to -OH.   
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Table S2. Details of nonaromatic organic compounds in training set Model 1 in this study. 
 
Compound Structure nref nGC Mw err 
pentane 
 
1.358 1.365  72 0.51% 
hexane 
 
1.375 1.376  86 0.06% 
heptane 
 
1.387 1.384  100 0.25% 
n-octane 
 
1.398 1.389  114 0.62% 
nonane 
 
1.405 1.394  128 0.79% 
decane 
 
1.411 1.398  142 0.95% 
undecane 
 
1.417 1.401  156 1.15% 
dodecane 
 
1.421 1.403  170 1.26% 
3-methylheptane 
 
1.398 1.384  114 0.97% 
2,2,4-trimethylpentane 
 
1.391 1.392  114 0.04% 
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cyclopentane 
 
1.405 1.431  70 1.85% 
cyclohexane 
 
1.426 1.431  84 0.35% 
methylcyclohexane 
 
1.422 1.425  98 0.22% 
ethylcyclohexane 
 
1.432 1.426  112 0.43% 
isopropylcyclohexane 
 
1.441 1.417  126 1.65% 
1-pentene 
 
1.371 1.378  70 0.48% 
 S8 
 
2-pentene 
 
1.38 1.380  70 0.00% 
1-hexene 
 
1.388 1.388  84 0.00% 
1-heptene 
 
1.4 1.395  98 0.35% 
trans-1,3-pentadiene 
 
1.43 1.402  68 1.96% 
isoprene 
 
1.422 1.419  68 0.19% 
3-methyl-1,3-pentadiene 
 
1.451 1.451  82 0.00% 
2-methyl-1,3-pentadiene 
 
1.445 1.425  82 1.40% 
2,3-dimethyl-1,3-butadiene 
 
1.438 1.438  82 0.00% 
 S9 
 
1-pentyne 
 
1.385 1.393  68 0.55% 
1-hexyne 
 
1.399 1.399  82 0.00% 
1-heptyne 
 
1.408 1.404  96 0.32% 
cyclohexene 
 
1.446 1.457  82 0.78% 
formic acid 
 
1.37 1.364  46 0.45% 
acetic acid 
 
1.371 1.371  60 0.00% 
methyl formate 
 
1.343 1.343  60 0.00% 
propionic acid 
 
1.386 1.394  74 0.57% 
ethyl formate 
 
1.359 1.368  74 0.69% 
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methyl acetate 
 
1.361 1.348  74 0.98% 
acetic anhydride 
 
1.39 1.379  102 0.76% 
ethyl acetate 
 
1.372 1.372  88 0.00% 
butyric acid 
 
1.398 1.406  88 0.54% 
methyl propionate 
 
1.376 1.370  88 0.40% 
ethyl propionate 
 
1.384 1.386  102 0.11% 
amyl formate 
 
1.399 1.399  116 0.00% 
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paraldehyde 
 
1.405 1.467  216 4.44% 
pentyl acetate 
 
1.402 1.401  130 0.06% 
ethyl sorbate 
 
1.494 1.434  140 4.00% 
diethyl succinate 
 
1.42 1.420  174 0.00% 
diketene 
 
1.439 1.513  84 5.18% 
 S12 
 
acetaldehyde 
 
1.332 1.339  44 0.56% 
acetone 
 
1.359 1.359  58 0.00% 
propionaldehyde 
 
1.364 1.369  58 0.39% 
crotonaldehyde 
 
1.437 1.411  70 1.78% 
formamide 
 
1.447 1.447  45 0.00% 
acetonitrile  1.344 1.335  41 0.70% 
propionitrile 
 
1.366 1.366  55 0.00% 
butyronitrile 
 
1.384 1.382  69 0.15% 
isobutyronitrile 
 
1.372 1.372  69 0.00% 
valeronitrile 
 
1.397 1.392  83 0.38% 
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acrylonitrile 
 
1.391 1.392  53 0.05% 
allyl alcohol 
 
1.412 1.412  58 0.00% 
pyrimidine 
 
1.504 1.504  80 0.00% 
pyridazine 
 
1.524 1.504  80 1.31% 
pyridine 
 
1.509 1.536  79 1.76% 
propylamine 
 
1.388 1.402  59 1.01% 
isopropylamine 
 
1.374 1.392  59 1.31% 
butylamine 
 
1.401 1.408  73 0.49% 
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diethylamine 
 
1.385 1.385  73 0.00% 
triethylamine 
 
1.401 1.401  129 0.00% 
dipropylamine 
 
1.4049 1.398  101 0.49% 
tripropylamine 
 
1.416 1.389  143 1.92% 
tetranitromethane 
 
1.438 1.438  196 0.00% 
 S15 
 
nitromethane 
 
1.382 1.382  61 0.00% 
nitroethane 
 
1.391 1.391  75 0.01% 
nitropropane 
 
1.401 1.401  89 0.00% 
1-nitrobutane 
 
1.41 1.407  103 0.22% 
2-methyl-2-nitropropane 
 
1.4 1.392  103 0.60% 
ethylene oxide 
 
1.3597 1.422  44 4.58% 
ethylene glycol 
 
1.431 1.427  62 0.29% 
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ethanethiol 
 
1.4306 1.431  62 0.00% 
dimethyl carbonate 
 
1.368 1.368  90 0.00% 
dimethoxymethane 
 
1.354 1.354  76 0.00% 
1,4-dioxane 
 
1.422 1.422  88 0.01% 
1-butanol 
 
1.399 1.396  74 0.19% 
diethyl carbonate 
 
1.384 1.399  118 1.10% 
tetramethyl orthocarbonate 
 
1.385 1.385  136 0.00% 
cyclohexanol 
 
1.465 1.460  100 0.32% 
 S17 
 
methanol  1.329 1.329  32 0.00% 
2-propanol 
 
1.377 1.377  60 0.00% 
1-propanol 
 
1.384 1.385  60 0.10% 
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Table S3. Details of aromatic organic compounds in training set Model 2 in this study. 
 
Compound Structure nref nGC Mw err 
benzene 
 
1.501 1.500 78 0.07% 
toluene 
 
1.496 1.500 92 0.24% 
ethylbenzene 
 
1.495 1.495 106 0.00% 
o-xylene 
 
1.505 1.499 106 0.38% 
p-xylene 
 
1.495 1.499 106 0.28% 
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m-xylene 
 
1.497 1.499 106 0.15% 
1,3,5-trimethylbenzene (Mesitylene) 
 
1.499 1.499 120 0.00% 
1,3,6-trimethylbenzene (Mesitylene) 
 
1.499 1.499 120 0.00% 
isopropylbenzene (Cumene) 
 
1.491 1.491 120 0.00% 
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tert-butylbenzene 
 
1.492 1.492 134 0.00% 
styrene 
 
1.546 1.546 104 0.00% 
α-methylstyrene 
 
1.538 1.500 119 2.50% 
hexafluorobenzene 
 
1.377 1.381 186 0.32% 
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pentafluorobenzene 
 
1.391 1.392 168 0.06% 
1,2,3,4-tetrafluorobenzene 
 
1.408 1.404 150 0.26% 
1,2,4,5-tetrafluorobenzene 
 
1.407 1.404 150 0.19% 
1,3,5-trifluorobenzene 
 
1.414 1.420 132 0.41% 
 S22 
 
o-difluorobenzene 
 
1.443 1.439 114 0.25% 
m-difluorobenzene 
 
1.441 1.439 114 0.11% 
p-difluorobenzene 
 
1.438 1.439 114 0.10% 
fluorobenzene 
 
1.465 1.465 96 0.00% 
p-fluorotoluene 
 
1.469 1.469 110 0.00% 
 S23 
 
o-dichlorobenzene 
 
1.551 1.546 147 0.32% 
m-dichlorobenzene 
 
1.549 1.546 147 0.19% 
p-dichlorobenzene 
 
1.546 1.546 147 0.00% 
chlorobenzene 
 
1.524 1.526 112.5 0.13% 
p-chlorotoluene 
 
1.522 1.522 126.5 0.03% 
 S24 
 
bromobenzene 
 
1.559 1.559 157 0.00% 
p-bromotoluene 
 
1.552 1.551 171 0.06% 
α-bromonaphthalene 
 
1.657 1.537 209 7.23% 
p-fluoroiodobenzene 
 
1.584 1.571 222 0.80% 
iodobenzene 
 
1.62 1.620 204 0.00% 
 S25 
 
p-iodotoluene 
 
1.604 1.604 218 0.00% 
α-iodonaphthalene 
 
1.701 1.638 254 3.73% 
nitrobenzene 
 
1.551 1.551 123 0.00% 
nitroanisole 
 
1.561 1.554 153 0.44% 
 S26 
 
quinoline 
 
1.625 1.625 129 0.00% 
isoquinoline 
 
1.623 1.625 129 0.12% 
2-methylquinoline 
 
1.62 1.612 143 0.52% 
1-methylisoquinoline 
 
1.614 1.578 144 2.26% 
benzonitrile 
 
1.528 1.528 103 0.00% 
 S27 
 
acetophenone 
 
1.535 1.535 120 0.00% 
1-naphthaldehyde 
 
1.652 1.652 156 0.00% 
ethyl benzoate 
 
1.504 1.504 150 0.00% 
phenylhydrazine 
 
1.607 1.607 109 0.00% 
 S28 
 
o-anisidine 
 
1.574 1.580 123 0.37% 
aniline 
 
1.586 1.584 93 0.13% 
N-dimethylaniline 
 
1.557 1.557 121 0.00% 
anisole 
 
1.516 1.516 108 0.00% 
phenetole 
 
1.507 1.507 122 0.00% 
 S29 
 
chlorophenol 
 
1.558 1.558 128.5 0.00% 
4-bromodiphenyl ether 
 
1.607 1.607 249 0.00% 
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Table S4. Details of organic compounds containing halogen in training set in this study. 
 
Compound Structure nref nGC Mw err 
trichlorofluoromethane 
 
1.3821 1.392 137.5 0.70% 
chloroform 
 
1.445 1.445 119.5 0.01% 
dichloromethane 
 
1.424 1.408 85 1.15% 
fluoropentane 
 
1.36 1.360 90 0.02% 
fluoroheptane 
 
1.386 1.386 118 0.00% 
fluorododecane 
 
1.42 1.417 188 0.22% 
carbon tetrachloride 
 
1.46 1.460 154 0.00% 
 S31 
 
1,1,2,2-tetrachloroethane 
 
1.494 1.468 168 1.74% 
1,2-dichloroethane 
 
1.444 1.422 99 1.49% 
dichloropropane 
 
1.428 1.423 113 0.38% 
chloropropane 
 
1.388 1.389 78.5 0.10% 
1,4-dichlorobutane 
 
1.454 1.437 127 1.14% 
1-chlorobutane 
 
1.402 1.405 92.5 0.19% 
2-chlorobutane 
 
1.396 1.396 92.5 0.00% 
1-chloropentane 
 
1.412 1.415 106.5 0.21% 
 S32 
 
carbon tetrachloride 
 
1.46 1.460 154 0.00% 
2-chloro-2-methylpropane 
 
1.385 1.380 92.5 0.38% 
pentachloroethane 
 
1.502 1.475 202.5 1.77% 
1,1,1-trichloroethane 
 
1.4366 1.433 133.5 0.27% 
dibromodifluoromethane 
 
1.398 1.398 210 0.00% 
 S33 
 
bromoform 
 
1.595 1.595 253 0.00% 
dibromomethane 
 
1.541 1.536 174 0.31% 
1,2-dibromoethane 
 
1.539 1.519 188 1.31% 
bromoethane 
 
1.425 1.425 109 0.00% 
1-bromopropane 
 
1.434 1.436 123 0.11% 
2-bromopropane 
 
1.425 1.424 123 0.04% 
bromobutane 
 
1.437 1.442 137 0.34% 
1-bromopentane 
 
1.444 1.446 151 0.15% 
bromohexane 
 
1.448 1.449 165 0.09% 
1-bromoheptane 
 
1.4499 1.452 179 0.12% 
bromooctane 
 
1.452 1.453 193 0.09% 
bromononane 
 
1.454 1.455 207 0.05% 
 S34 
 
bromodecane 
 
1.456 1.456 221 0.00% 
bromohexadecane 
 
1.461 1.460 305 0.06% 
iodomethane  1.531 1.536 142 0.34% 
1-iodopropane 
 
1.504 1.502 170 0.16% 
iodoethane 
 
1.513 1.513 156 0.00% 
1-iodobutane 
 
1.498 1.495 184 0.22% 
chloroethylene (Vinyl 
chloride)  
1.37 1.370 62.5 0.00% 
dichloropropene 
 
1.472 1.472 111 0.00% 
chloropropene 
 
1.395 1.395 76.5 0.00% 
1-chloro-2-methylpropene 
 
1.424 1.424 90.5 0.00% 
 S35 
 
trichloroacetonitrile 
 
1.441 1.469 144.5 1.94% 
chloroacetonitrile 
 
1.422 1.422 75.5 0.00% 
methyl chloroformate 
 
1.387 1.387 94.5 0.00% 
ethyl chloroformate 
 
1.395 1.407 108.5 0.84% 
2-chlorobutyric acid 
 
1.439 1.439 122.5 0.00% 
4-chlorobutyric acid 
 
1.451 1.451 122.5 0.00% 
 S36 
 
chloroacetyl chloride 
 
1.453 1.453 113 0.01% 
acetyl chloride 
 
1.389 1.389 78.5 0.00% 
chloroacetone 
 
1.432 1.419 92.5 0.89% 
thiophosgene 
 
1.548 1.548 115 0.00% 
2-chloroethanol 
 
1.441 1.441 80.5 0.00% 
β-chloroethyl methyl 
ether  
1.408 1.408 94.5 0.00% 
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Table S5. Details of MA ozonolysis product in Dennis-Smither’s study. 
 
Compound Structure nCappa nRedmond nGC err 
Maleic acid 
 
1.57 1.45 1.646  115 
Formic acid 
 
1.51 1.32 1.364  46 
Glyoxal 
 
1.57 1.38 1.411  58 
Glyoxal hydrate 
 
1.54 1.38 1.441  76 
Glyoxylic acid 
 
1.57 1.39 1.453  74 
3-oxopropanoic acid 
 
1.54 1.4 1.449  88 
 S38 
 
2-oxopropanoic acid 
 
1.54 1.4 1.440  88 
Oxalic acid 
 
1.57 1.4 1.497  90 
Glyoxylic acid hydrate 
 
1.51 1.37 1.462  92 
2,3-dioxopropanoic acid 
 
1.61 1.44 1.497  102 
 S39 
 
2-oxomalonic acid 
 
1.61 1.45 1.527  118 
3-hydroperoxy-2-oxopropanoic acid 
 
1.55 1.42 1.432  120 
3,3-dihydroxy-2-oxopropanoic acid 
 
1.55 1.42 1.487  120 
2-formyloxy-2-hydroxyacetic acid 
 
1.57 1.45 1.499  119 
 S40 
 
2-oxosuccinic acid 
 
1.57 1.45 1.505  132 
Oxirane-2,3-dicarboxylic acid 
 
1.57 1.45 1.494  134 
1-hydroxy-2-oxoethyl-2-oxoacetate 
 
1.57 1.45 1.477  132 
3-(formyloxy)-3-hyoxypropanoic acid 
 
1.53 1.42 1.443  134 
2-hydroxy-2-(2-oxoacetoxy)acetic acid 
 
1.57 1.46 1.481  148 
 S41 
 
2-(1-hydroxy-2-oxoethoxy)-2-oxoacetic acid 
 
1.57 1.46 1.481  148 
1-hydroxy-2-oxoethyl 2,2-dihydroxyacetate 
 
1.54 1.43 1.466  150 
2-(2,2-dihydroxyacetoxy)-2-hydroxyacetic acid 
 
1.54 1.43 1.478  166 
2-oxo-2-(1,2,2-trihydroxyethoxy)acetic acid 
 
1.54 1.43 1.478  166 
 S42 
 
2,2,3-trihydroxysuccinic acid 
 
1.54 1.43 1.572  166 
Dihydroxytartaric acid 
 
1.51 1.4 1.624  182 
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Table S6. Details of organic compounds in training set in Redmond and Thompson’s study. 
 
Compound Structure nref nGC Mw err 
Benzoic acid 
 
1.504 1.545 122 2.74% 
m-Toluic acid 
 
1.509 1.545 136 2.37% 
o-Toluic acid 
 
1.512 1.545 136 2.17% 
 S44 
 
Benzyl alcohol 
 
1.54 1.501 108 2.51% 
Phenol 
 
1.541 1.500 94 2.66% 
4-Methyl-2-nitrophenol 
 
1.574 1.544 153 1.89% 
m-Tolualdehyde 
 
1.541 1.551 119 0.64% 
3-Methylbenzaldehyde 
 
1.541 1.551 119 0.64% 
 S45 
 
p-Tolualdehyde 
 
1.545 1.551 119 0.38% 
4-Methylbenzaldehyde 
 
1.545 1.551 119 0.38% 
Benzaldehyde 
 
1.546 1.559 105 0.83% 
o-Tolualdehyde 
 
1.547 1.551 119 0.25% 
3-Methoxybenzaldehyde 
 
1.553 1.529 135 1.55% 
 S46 
 
4-Hydroxybenzaldehyde 
 
1.571 1.587 121 1.04% 
2-Hydroxybenzaldehyde 
 
1.573 1.587 121 0.91% 
Toluene 
 
1.496 1.500 92 0.24% 
Napthalene 
 
1.59 1.565 128 1.58% 
Phenanthrene 
 
1.594 1.594 178 0.02% 
 S47 
 
2-Methylnaphthalene 
 
1.602 1.559 142 2.71% 
Acenaphthene 
 
1.605 1.603 154 0.10% 
Acetic acid 
 
1.372 1.371 60 0.07% 
Glutaric acid 
 
1.419 1.463 132 3.10% 
Pyruvic acid 
 
1.428 1.429 88 0.07% 
 S48 
 
4-Oxopentanoic acid 
 
1.44 1.434 116 0.44% 
4-Acetylbutyric acid 
 
1.445 1.435 130 0.70% 
1,2-Pentanediol 
 
1.44 1.428 104 0.84% 
Acetaldehyde 
 
1.332 1.437 89 7.85% 
Propionaldehyde 
 
1.362 1.421 43 4.34% 
Isobutyraldehyde 
 
1.374 1.369 58 0.34% 
Trimethylacetaldehyde 
 
1.378 1.344 73 2.45% 
Glyoxal 
 
1.383 1.589 56 14.88% 
 S49 
 
Butanal 
 
1.384 1.421 43 2.68% 
3-Methylbutanal 
 
1.39 1.369 58 1.48% 
2-Methylbutyraldehyde 
 
1.392 1.369 58 1.63% 
Valeraldehyde 
 
1.394 1.421 43 1.94% 
Pentanal 
 
1.394 1.427 85 2.37% 
Acrolein 
 
1.402 1.482 55 5.70% 
Hexanal 
 
1.404 1.428 99 1.69% 
2-Methylpropenal 
 
1.414 1.408 70 0.41% 
Methacrolein 
 
1.416 1.408 70 0.55% 
Nonanal 
 
1.427 1.429 141 0.13% 
 S50 
 
trans-2-Butenal 
 
1.437 1.468 69 2.17% 
trans-2-Methyl-2-butenal 
 
1.448 1.502 83 3.74% 
3-Furancarboxaldehyde 
 
1.495 1.634 95 9.29% 
Propene 
 
1.357 1.326 42 2.29% 
Ethene  1.363 1.311 28 3.84% 
3-Methyl-1-butene 
 
1.364 1.368 70 0.26% 
1-Pentene 
 
1.372 1.378 70 0.40% 
3,3-Dimethyl-1-butene 
 
1.376 1.400 84 1.72% 
4-Methyl-1-pentene 
 
1.383 1.380 84 0.21% 
 S51 
 
1-Hexene 
 
1.384 1.388 84 0.29% 
3-Methyl-1-pentene 
 
1.384 1.380 84 0.29% 
trans-2-Butene 
 
1.385 1.363 56 1.56% 
2-Methyl-2-butene 
 
1.387 1.421 70 2.45% 
2-Methyl-1-pentene 
 
1.392 1.400 84 0.60% 
cis-2-Butene 
 
1.393 1.363 56 2.13% 
trans-3-Hexene 
 
1.394 1.390 84 0.28% 
cis-3-Hexene 
 
1.395 1.390 84 0.35% 
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2-Ethyl-1-butene 
 
1.397 1.400 84 0.24% 
2,3-Dimethyl-1-butene 
 
1.4 1.392 84 0.55% 
Heptene 
 
1.4 1.395 98 0.35% 
2,3,3-Trimethyl-1-butene 
 
1.403 1.415 98 0.87% 
2,4-Dimethyl-2-pentene 
 
1.404 1.417 98 0.96% 
1-Octene 
 
1.409 1.400 112 0.62% 
trans-4-Octene 
 
1.411 1.402 112 0.66% 
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2,3-Dimethyl-2-butene 
 
1.412 1.338 84 5.21% 
cis-4-Octene 
 
1.415 1.402 112 0.94% 
2,4,4-Trimethyl-2-pentene 
 
1.416 1.434 112 1.25% 
1-Decene 
 
1.422 1.407 140 1.05% 
Isoprene 
 
1.422 1.419 68 0.19% 
trans-5-Decene 
 
1.424 1.408 140 1.11% 
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cis-5-Decene 
 
1.426 1.408 140 1.25% 
1,3-Butadiene 
 
1.429 1.383 54 3.24% 
cis-1,3-Pentadiene 
 
1.436 1.402 68 2.37% 
Cyclohexene 
 
1.447 1.457 82 0.71% 
1-Methylcyclohexene 
 
1.45 1.482 96 2.17% 
Vinylcyclohexane 
 
1.455 1.442 110 0.87% 
 S55 
 
Cycloheptene 
 
1.455 1.453 96 0.14% 
Camphene (-) 
 
1.456 1.487 136 2.16% 
Camphene (+) 
 
1.457 1.487 136 2.09% 
a-Pinene 
 
1.463 1.487 136 1.67% 
b-Pinene 
 
1.477 1.487 136 0.71% 
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Limonene (d) 
 
1.473 1.487 136 0.95% 
Limonene (l) 
 
1.475 1.487 136 0.82% 
Acetone 
 
1.359 1.359 58 0.00% 
2-Butanone 
 
1.379 1.377 72 0.17% 
3-Methyl-2-butanone 
 
1.388 1.379 86 0.62% 
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2-Pentanone 
 
1.39 1.387 86 0.19% 
3-Pentanone 
 
1.391 1.394 86 0.20% 
3,3-Dimethyl-2-butanone 
 
1.395 1.393 114 0.17% 
2,4-Dimethyl-3-pentanone 
 
1.4 1.404 100 0.30% 
3-Buten-2-one 
 
1.408 1.397 70 0.75% 
Methyl vinyl ketone 
 
1.411 1.397 70 0.96% 
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5-Hexen-2-one 
 
1.418 1.397 70 1.45% 
Adipic acid monomethyl ester 
 
1.441 1.436 160 0.36% 
Furfural 
 
1.526 1.781 53 16.74% 
3-Hydroxy-2-butanone 
 
1.417 1.428 71 0.81% 
Furan 
 
1.421 1.523 68 7.20% 
Diethyl pimelate 
 
1.43 1.426 216 0.30% 
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2-Methylfuran 
 
1.434 1.540 82 7.36% 
5-Methyl-2(5H)-furanone 
 
1.445 1.431 101 1.00% 
5-Methyl-2(3H)-furanone 
 
1.448 1.517 100 4.78% 
3-Methyl-2,5-furandione 
 
1.471 1.531 128 4.10% 
Citraconic anhydride 
 
1.471 1.531 128 4.10% 
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Table S7. Details of 38 organic compounds in our previous measurements. 
Compound Structure nMR nGC Mw err 
Glycine 
 
1.663 1.493 75 10.24% 
Alanine 
 
1.62 1.563 89 3.55% 
Valine 
 
1.579 1.579 117 0.00% 
Threonine 
 
1.618 1.57 119 2.98% 
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Lysine 
 
1.558 1.547 146 0.74% 
Arginine 
 
1.637 1.546 174 5.51% 
D-(+)-Raffinose 
 
1.532 1.552 504 1.33% 
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D-(+)-Trehalose 
 
1.552 1.561 342 0.59% 
Maltose 
 
1.547 1.561 342 0.92% 
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Lactose 
 
1.598 1.561 342 2.29% 
Sucrose 
 
1.546 1.546 342 0.00% 
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Sorbitol 
 
1.525 1.531 182 0.44% 
D-Mannitol 
 
1.565 1.531 182 2.14% 
Glucose 
 
1.535 1.535 180 0.02% 
D-Fructose 
 
1.531 1.527 180 0.25% 
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Galactose 
 
1.588 1.557 180 1.95% 
Xylose 
 
1.561 1.524 150 2.36% 
Oxalic acid 
 
1.516 1.506 90 0.69% 
Malonic acid 
 
1.461 1.486 104 1.75% 
Succinic acid 
 
1.492 1.476 118 1.06% 
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Methylmalonic acid 
 
1.481 1.557 118 5.15% 
Glutaric acid 
 
1.465 1.471 132 0.39% 
Methylsuccinic acid 
 
1.477 1.535 132 3.88% 
Adipic acid 
 
1.505 1.467 146 2.51% 
2,2-dimethylsuccinic acid 
 
1.488 1.491 146 0.19% 
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2-methylglutaric acid 
 
1.486 1.52 146 2.28% 
3-methylglutaric acid 
 
1.481 1.52 146 2.60% 
Pimelic acid 
 
1.491 1.464 160 1.81% 
2,2-dimethylglutaric acid 
 
1.487 1.485 160 0.13% 
3,3-dimethylglutaric acid 
 
1.49 1.485 160 0.33% 
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3-methyladipic acid 
 
1.486 1.509 160 1.57% 
Diethylmalonic acid 
 
1.485 1.485 160 0.00% 
Tartaric acid 
 
1.496 1.558 150 4.12% 
Citric acid 
 
1.505 1.505 192 0.00% 
PEG3 
 
1.455 1.455 124 0.00% 
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PEG4 
 
1.458 1.455 154 0.26% 
Erythritol 
 
1.521 1.505 122 1.00% 
Carbitol 
 
1.427 1.411 134 1.07% 
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Figure S1. Consistency of RIs for compounds in the training set for Model 1, comparing values 
predicted from the GC model with measured values and separated according to functional group type: (a) 
unsaturated carbon bond, (b) OH, (c) NHx, (d) NO2, (e) -C(=O)-). RIs of compounds in the full training 
set that do not contain the specified functional group are shown by grey solid points. RIs of compounds 
containing only the one specific functional group are shown by red solid plots. RIs of compounds 
containing the specific functional group along with additional functional groups are shown by blue solid 
plots. The lines represent an uncertainty bound of ±2 %. 
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Figure S2. (a) Comparison between RIs estimated directly from polarisability in CRC handbook (black 
hollow squares), polarisability derived by GC fitting (coloured circles mapped by molar weights of 
corresponding compounds) and the reported value of the measured RI. (b) Percentage differences 
between estimated RIs from polarisability in CRC handbook and measurements, between RI from 
polarisability derived by GC fitting and measurements (symbols and colours same as (a)). (c-d) 
Consistency between reported and predicted RIs of atmospheric related compounds used in the training 
set for Model 2 classified according to (c) O:C ratio and (d) H:C ratio. 
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Figure S3. (a) Comparison between RIs estimated directly from polarisability in CRC handbook (black 
hollow squares), polarisability derived by GC fitting (coloured circles mapped by molar weights of 
corresponding compounds) and the reported value of the measured RI. (b) Percentage differences 
between estimated RIs from polarisability in CRC handbook and measurements, between RI from 
polarisability derived by GC fitting and measurements (symbols and colours same as (a)). (c-d) 
Consistency between reported and predicted RIs of atmospheric related compounds used in the training 
set for Model 3 classified according to (c) O:C ratio and (d) H:C ratio. 
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Figure S4. (a) Comparison of RI from prediction and measurements in Redmond and Thompson’s work 
(black hollow squares) and comparison of RI from polarisability from GC fitting and measurements in 
Redmond and Thompson’s work (black hollow squares) for compounds in Redmond and Thompson’s 
work; (b) Differences between RI from prediction and measurements in Redmond and Thompson’s work 
(black hollow squares) and differences between RI from polarisability from GC fitting and 
measurements in Redmond and Thompson’s work (black hollow squares) for compounds in Redmond 
and Thompson’s work; (c) Comparison of RI from prediction from method in Redmond and 
Thompson’s work and reported measurements (black hollow squares) and comparison of RI from 
polarisability from GC fitting and reported measurements (coloured solid circles mapped by organics 
molar weights); (d) Differences between RI from prediction from method in Redmond and Thompson’s 
work and reported measurements (black hollow squares) and differences between RI from polarisability 
from GC fitting and reported measurements (coloured solid circles mapped by organics molar weights); 
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Figure S5. (a) Comparison between RIs estimated directly from polarisability in CRC handbook (black 
hollow squares), polarisability derived by GC fitting (coloured circles mapped by molar weights of 
corresponding compounds) and the reported value of the measured RI. (b) Percentage differences 
between estimated RIs from polarisability in CRC handbook and measurements, between RI from 
polarisability derived by GC fitting and measurements (symbols and colours same as (a)). 
 
  
